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Outline

How did we get here?

Current status

Unusual aspects of the current drought

What can we say about the upcoming winter ?

The rise of El Nino ... Implications ???

Near term strategies (next several months into early winter)
Biological effects in rivers and ocean - relationship to drought

Discussion



Borrowing the phraseology of Steven Johnson,

Steven
.Iohnson 3 “ BBC TV SERIES
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The Missing Years:
Precipitation Deficits Over Four Winters 2011-12/14-15
Expressed in Units of Average Annual Precipitation.

Based on PRISM. Courtesy Paul Iniguez, NWS Phoenix. Number

of years
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California Reservoir Storage, Million Acre-Feet, 1977 and

2010-15
35
30
2011
25
2010
Avg.
20 12
201 2013
15 -
2014
10
1977
5 1 1 1 1 1 1 1 1 1 1 1 1
c O - = > c = ol4] o B > O
& ¢ 2 £ 2 2 Z I & o &2 &
— — i — . — — — — — —

Source: California Department of Water Resources

Note: One acre-foot is equal to 325,851 gallons, or the amount of water it takes to cover one acre to a depth of one foot.




Ending At Midnight - July 3, 2015

CURRENT RESERVOIR CONDITIONS
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Green Bridge
Lake Oroville
Feather River

2011 July 20

Enterprise Bridge
Lake Oroville
Feather River

2014 August 20




Bidwell Marina
Lake Oroville
Feather River

2011 July 20

Enterprise Bridge
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Average Annual Precipitation
(Inches), California

Period: 1961-1990
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Population Centers Rely
Heavily on Imported Water

Imported Water as a Percent
of Use by Water Region

[] 0-33%

D Net Exporters

California Legislative
Analyst’s Office 2013
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California Water Action Plan

January 2014
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California Water Action Plan.

Implementing the
California Water Action Plan

® January

Governor Releases Water Action Plan
Governor releases Colifornia Water Action
Plan, following coordination with state
agencies, tribes and public

Governor Takes Action on Drought
Governor issues drought emergency
declaration and proposes 2014/15 State
budget that includes funding for Action Plan
implementation, including drought response
(Actions 1-5)

Drought Forum Raises Awareness
CDFA sponsors forum to discuss drought
information needs and ways to improve
preparedness (Action 5)

Adjusted Operations Save Water
Upon petition by DWR & BOR, State Water
Board issues ordr-r to allow adjusted
operation of the State and Federal Projects
1o save water for critical needs (Actions 5, 9)

Integrated Projects Receive Grants
DWR awards $153M to 20 regions 10
suppol ted multi-benefit
projects (Actions 2, 5)

Figure 1: 2014 Highlights

m March n

Emergency Legislation Helps
Drought-Stricken Communities
Governor and Legislature collaborate on
accelerated drought relief and Action Plan
implementation package (SB 103/104; over
$687M). State agencies quickly responded
by working with the American Red Cross
and community organizations to deliver
water to those in need (Actions 1, 2, 5, 7)

Low Interest Loans for Water

Recycling

State Water Board makes available $800M

Iﬂ low-interest loan funds to increase water
ecycling and proude alternative

crough' proof supply for communities

(Actions 1,2, 5, 7,

May

Save Our Water Month

Governor proclaims May to be Sove Our
Water Month and State Inte es public
campaign with TV/radio ads and planned
State Fair Exhibits (Actions 1, 5)

Work Begins to Prioritize Delta

Levee Investments

DSC releases concept paper and establishes
inter-agency funding agreements to prioritize
State investments in Delta levees, consistent
with the Delta Plan (Actions 3, 8)

State Coordinates Voluntary Actions
in Key Watersheds

State Water Board adopts emergency fish
flow regulations to maintain minimum flows
in 3 Sacramento River tributaries, and
coordinates with COFW to develop voluntary
cooperative agreements with landowners to
achieve minimum flows (Action 4)

Emergency Funding for Drinking
Water Systems

State Water Board issues the first grants to
aid communities with drinking water systems
impacted by drought. By summer’s end, over
$13 M was granted (Actions 2, 5, 7)

® July

State Consolidates Water Quality
Programs
Effective July 1, Drinking Water Program is
relocated from CDPH to State Water
Board; consolidating major water quality
programs within the Board all State to
better manage/protect water resources
and ensure safe drinking water for
Californians (Actions 2, 7, 9)

State Adopts Emergency
Conservation Regulation

State Water Board approves emergency
regulation to ensure urban water
agencies and their customers increase
water conservation or face possible
fines/other enforcement (Actions 1, 5)

New Grant Program will Restore
Wetlands and Reduce Carbon
CDFW releases grant solicitation for

nd restoration projects to be
awarded in 2015; projects will sequester
greenhouse gas/carbon, restore critical
wildlife habitats, and aid water supply
objectives (Action 4)

S b Water Year 2014
ends as California’s
eptember | 4th driest '
Landmark Groundwater Legislation
Passes
The Legislature passes, and the Governor
signs, historic groundwater policy reform
that paves the way for sustainable
groundwater management across the state.
Emphasis is on local control, coordinated
basin manag ement, dﬂ\i |1lﬂ([Ed but

Families without Drinking Water
Get Relief

Governor issues order making funding
available through the California Disaster
Assistance Act to provide water for drinking
and sanitation to households currently
without running water (Actions 5, 7)

Charting Progress. 2014 Summary.

» November

Voters Approve Water Bond
(Proposition 1)

An unprecedented 64% of California
voters approve a $7.5 billion water
bond, designe
Action Plan's broad range of actions

to help implement the

Agency Coordination Promotes
Efficiency on Delta Solutions
Delta Stewardship Council (DSC)
convenes the second Delta Plan
Interagency Coordinating Committee
meeting, focusing on advancing Delta
science, cross-agency collaboration,
and Action Plan implementation
(Actions 3, 4)

State Publishes Report on
Drought Impacts to
Groundwater

DWR publishes report identifying areas
where drought has significantly
lmpa(ted ngUT‘UWaf{‘I resources
(Actions 5, 6, 7)

February

State Closes Rivers to Fishing

The CA Fish & Game Commission takes
unprecedented emergency action to close
s to fishing to mon tr (M* hsi‘ from

State Addresses Fisheries Crisis
CDFW begins coordinating with federal
agencies and commercial fishing industry,
leading to State-led trucking of 30M fish to
the SF Bay (Actions 4, 5, 9)

April

Governor Orders
Redoubling of Drought
Efforts

Governor issues Executive
Order to redouble state
response to drought. Aims to
InCrease water management
flexibility for state/local wat
managers and regulatory
entities and provide
conservation incentives
(Actions 1, 5)

Final 2014/15 State
funding priorities fo

money for
assistance,

Response Funds
DWR
Delta to prepare

for

State Prioritizes
DWR releases s

State Publishes
Groundwater Shortages

Report the state collecti
DWR publishes report annual groundwate
identifying g

basins in tl ]
potential prcund vater
shortages and gaps in
groundwater monitoring
(Actions 5, 6, 7)

ewide ranking of 515 groundwater basins in
ly producing greater than 90% of California’s

priority (orange/yellow on map) (Action 6)

State Eases Path to Recycled Water Use
State Water Board adopted a new General Order allowing the
regional boards to streamline the permitting of recycled water
uses, including agricultural and landscape irrigation, dust

control, and some ir

June

Final State Budget Funds Action Plan and Drought Relief

Budget provides an additional $100M+ in
r the Action Plan and helps lay solid fiscal

foundation for implementing near-term actions, including
ater supply assessments, local technical

water rights
restoration (Actions 1, 2, 4, 5)

enforcement, and fish habitat

Delta Communities Receive Flood Emergency

rds $5M in grants to flood control agencies in the

flood emergencies {Acrron 8)

Groundwater Basins

r; 127 basins ranked high and medium

ndustrial processes (Actions 2, 9)

August

Grants Promote Water Desalination
D"- awards a total of $8.7M in grants to eight
water desalinization projects throughout the
state focusing on construction, research,
feasibility and/or demonstration (Actions 1, 2, 5)

Legislature Approves New Water Bond
The Legislature and the Governor negotiate and
approve AB 1471 (Rendon), a $7.5 billion water
bond slated
(Actions 1-8)
f

for the November Ballot

October

State Publishes California Water Plan
Update

DWR, on behalf of the publishes the 2013
update of the California Water Plan (Bulletin 160),
continuing the legacy that began with the 1957
Bulletin 3- California Water Plan. This update
includes vital information on the State’s er
conditions, including groundwater and flooding
(All actions)

Grants Aid California Farmers

CDFA awards $3.6M in Greenhouse Gas Reduction
funds for 93 projects to implement on-farm
irrigation systems that use less water and energy
and reduce greenhouse gas (Actions 1, 5)

Expedited Grants Increase Regional Self
Reliance

DWR announces $221M in grants to regions (incl.
disa
near-term drought relief projects, leveraging more
than $3 local per $1 state funds. Shortest grant
process in history of IRWM program (Actions 2, 5)

vantaged communities) to implement over 100

December

Grant Program Encourages
Water-Energy Efficiency

DWR receives 96 applications
requesting $142M in Greenhouse
Gas Reduction Funds for the 2014
Water-Energy Grant Program, well in
excess of the $1 vailable
Awards will be made in 2015
(Actions 1, 2, 5)

State Continues Collaboration
with Tribes

California Tribes and state resource
agencies finish a year of monthly
consultation and coordination
meetings about drought response,
conservation programs, and impacts
on cultural resources (Actions 2, 5)
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Sierra Region
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Northern Sierra Precipitation: 8-Station Index, June 1, 2015
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15-Year Mean Sierra Snow Water Equivalent 2015 March 29
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The Great Snow Drought of 2014-15

Precipitation

Westwide SNOTEL Water Year (Oct 1) to Date Precipitation % of Normal

Water Year (Oct 1)
to Date Precipitation
Basin-wide Percent
of 1981-2010 Average
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Wheeler Peak
Kelly Redmond 20150216




Elevation of Lake Tahoe at Tahoe City 2011 Oct 01 - 1 Jun 2015
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map look like that
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Acre-feet
1 tick = 3000000

Lake Powell Storage Through May 31, 2015
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Lake Powell Elevation Through May 31, 2015
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Water level on April 10, 2015 was 3597.27 ft, -103 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

Source: www.usbr.gov/uc/water/index.htl



Marina, Overton, Lake Mead.
Kelly Redmond 20150220




Lake Mead. Kelly Redmond 20150220
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Lessons from History.

Colorado River Flow. Lees Ferry. Reconstructed 762 thru 2005 A.D.
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Meko, D.M., C.A. Woodhouse, C.H. Baisan, T. Knight, J.J. Lukas, M.K. Hughes, and M.W. Salzer, 2007.
Medieval drought in the upper Colorado River basin.
Geophysical Research Letters 34m L10705, doi: 10.1029/2007GL029988



Moisture balance
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Benjamin Cook, Toby Ault, Jason Smerdon, 2015. Unprecedented 21st century drought risk in the
American Southwest and Central Plains. Science Advances, 12 Feb 2015. 10.1126/sciadv.1400082
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?

Is the current Southwest drought a once-or-twice-a-century
drought like those of the past 500 years ...

P e D

a harbinger of things to come, a different type of drought
that we have not observed before ?

?



Through May 2015
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Recent Evolution of Equatorial Pacific SST Departures

Observed Sea Surface Temperature (*C)

SST Anomalies
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Split Samples:
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CA Division 1 October-March Precipitation
(versus Southern Oscillation Index for prior June-November)
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CA Division 2 October-March Precipitation
(versus Southern Oscillation Index for prior June-November)
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CA Division 2 October-March Precipitation
(versus Southern Oscillation Index for prior June-November)
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CA 5-Station Index October-March Precipitation
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October-March Precipitation (inches)

Arizona Statewide October-March Precipitation
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NINO3 4 SST Anomaly (°C)

Mid-Jun 2015 Plume of Model ENSQO Predictions
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Temperature & Precipitation
Official Outlooks
Three Month Summer 2015 Three Month Winter
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Orange / Red - Higher likelihood of drier than usual
Green - Higher likelihood of wetter than usual

NOAA Climate Prediction Center



Seven experiments in near-term climate forecasting Nov-Jan 2015-6. Precipitation.
NMME (National Multi-Model Ensemble).
IMME (International Multi-Model Ensemble).
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Seven experiments in near-term climate forecasting Jul-Sep 2015. Temperature.
NMME (National Multi-Model Ensemble).
IMME (International Multi-Model Ensemble).
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Seven experiments in near-term climate forecasting Nov-Jan 2015-6. Temperature.
NMME (National Multi-Model Ensemble).
IMME (International Multi-Model Ensemble).
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The First Three Winters of Drought

2014-2015 Update in the Works
Each winter played out differently

Background and thus causes
somewhat different each winter

2014-15 cause also likely not
identical to previous three winters

Explanations reach to western
Pacific and eastern Indian Oceans

Not much sign of climate change
as a contributor

But, possible harbinger of
future droughts:

Not just dry, but extremely warm




The California - Sierra - Nevada Drought - Where from here?

NIDIS as a Drought Early Warning System
Managers and decision-makers worst fear: Being taken by surprise
How to portray current status more optimally and completely - drought in managed systems
Concerted push on prediction communities
What were we saying last year at this time?
Huge interest in the coming winter
What has stayed the same (in the climate system) over the past 4 years ??
Not great prospects for rapid seasonal / interannual forecast improvement
Thus, also need a focus on coping mechanisms
Is this drought “natural” or “climate change enhanced” or what combination?
Enlarging the climate knowledge sand pile: what is the angle of repose?
The Colorado River drought (12 of last 15 years) ... is this a megadrought??
Snow drought (snow deficiencies worse than precipitation deficiencies)
A harbinger for the future?
Why has the recent past, and particularly this winter, been so warm?
Exploring and understanding the effects of temperature, other demand variables
EL Nino : Unreliably wet winters in southern California. May / can help, but not guaranteed.
Near-term focus: Why some El Nino winters wet, others dry, in Southern California?
Connection between climate and weather seems crucial
Extreme events (large storms) often make or break a winter
Other biological phenomena: fish, marine mammals, harmful algal bloom, “the Blob”
Never waste a crisis
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